Concentrations of ten elements (Cd, Cr, Cu, Fe, Ni, Pb, Se, Sr, V and Zn) were determinate in muscle tissues of 13 fish species from Aratu Bay, Bahia, Brazil by inductively coupled plasma optical emission spectrometry. The accuracy and precision of our results were checked by using two certified reference materials: BCR-422 cod muscle and SRM 1566b oyster tissue. The average trace element concentrations in the fish species varied in the following ranges, in μg g
Introduction
Food from marine ecosystems, especially fish, is highly valued because of its large concentration of nutrients, with high quality protein (Viana et al., 2013) and contain omega series polyunsaturated fatty acids (Alkan et al., 2016) . These ecosystems are currently undergoing transformations because of the increased presence of chemical elements due to rapidly growing industrial development and its impact. Some of these elements are beneficial in small quantities, while others can cause serious health problems even in small amounts (Chiba et al., 2011a) .
The determination of trace elements in food, such as fish, is of great importance in assessing both their nutritional quality and also the risk of environmental contamination (Conti et al., 2012) . Elements such as lead and cadmium are toxic even at low concentrations and marine organisms can accumulate high concentrations of these chemicals (Copat et al., 2013) , while iron, copper, zinc and manganese are essential metals because they play an important role in biological systems. Essential elements can also produce toxic effects at high concentrations. The metal content in water inhabited by fish is reflected by the concentration of metal in their muscles (Chiba et al., 2011b) .
In Brazil, the ANVISA, in its Decree nº 55871 (ANVISA, 1965) , defines the maximum concentration values of tolerance for 10 metals in foods, among them are the metals Cd, Cr, Cu, Ni, Pb and Zn, in addition nonmetal Se. According to these values, some essential metals have higher tolerance limits, such as Zn (50.00 mg g -1 ) and Cu (50.00 mg g -1 ). However, the ingestion of food contaminated by potentially toxic chemicals is tolerated at low concentrations, such as Cr (0.10 mg g -1 ), Cd (1.00 mg g -1 ), Pb (2.00 mg g -1 ) and Se (0.30 mg g -1
). Aratu Bay (12° 48' S; 38° 28' W) is a shallow estuarine bay of 1215 ha with a heterogeneous shoreline, varying from mixed substrates of rock, gravel, sand and mud bordered by upland forest, to uniform tidal mud-flats bordered by a mixed mangrove community. An industrial complex was established in the area surrounding Aratu Bay in the late 1960s, and it has received both domestic discharges and industrial effluents since that time. A large variety of manufacturing enterprises, primarily metallurgic, have been delivering their wastes directly to the surrounding areas, with only primary treatment which is not effective. The nature of these effluents is complex, containing a variety of both organic and inorganic wastes, including heavy metals.
Thus, despite the Aratu Bay have a high environmental commitment (Lessa et al., 2009 ) and ecological importance, there is a lack of scientific information concerning metal concentration in fish species to evaluate the potential adverse environmental effects of contaminants have been done in Aratu Bay.
For this reason, our objective from this study was to determine the levels of some trace elements in some economically important fish species collected in Aratu Bay for the purpose of providing information that may help improve the quality of life of the populations that consume this food.
Material and Methods

Sampling
Samples were collected from thirteen species of fish in the Bay of Aratu (Figure 1) . The species and their common names were: Achirus lineatus, Linnaeus, 1758 (tapa); Archosargus rhomboidalis, Linnaeus, (Araújo et al., 2004) . These species were collected in one trawl sampling, placed in plastic bags and sent to the laboratory under cooling. The study encompassed dorsal muscles in fish.
Briefing of samples
Three units of each species were captured, and for each species was carried out three analyzes of each sample. Less than 48 h after sampling, the collected fish were subjected to biometrics and then filleted individually to obtain muscle samples, which were homogenized, freeze-dried, sieved (particles = 149 µm 100 mesh). Approximately 0.2 g of each muscle sample from each species was placed in a Teflon digester to which 2 mL HNO 3 65% (v / v) and 2 mL of deionized water were added, and the digester was capped, placed in a stainless steel container and sealed with a screw cap. The sample was allowed to stand for four hours, initiating the decomposition of the organic matter. The samples were dried at 120 °C for 14 h to supplement digestion (Viana et al., 2012) . Three blanks were used for each sample digestion batch. The digested samples were quantitatively transferred to 10 mL volumetric flasks that were augmented with MILLI-Q  ultrapure water.
Chemical analysis
An inductively coupled plasma optical emission spectrometer with axially viewed configuration (VISTA PRO, Varian, Mulgrave, Australia) equipped with solid state detector, cyclonic spray chamber, and concentric nebulizer was employed for Cd, Cr, Cu, Fe, Ni, Pb, Se, Sr, V and Zn determinations. The operating conditions (Table 1) were optimized in order to obtain both plasma robustness and greater signal-to-background ratios, using MgII/MgI intensity ratio. Table 1 lists the experimental conditions followed.
The reference solutions used to obtain the calibration curves were prepared from a stock solution containing 1000 mg L -1 of each chemical element studied. The blanks and reference solutions were analyzed using the same method that was applied to the samples. The concentrations were expressed in µg g -1 dry weight.
Quality control of trace elements analysis
The precision and accuracy of the method were validated by triplicate analysis of certified reference materials (CRM) from the National Research Council Canada (BCR-422, cod muscle) and standard reference materials (SRM) from the National Bureau of Standards Certificate of Analysis, NIST (SRM-1566b, oyster tissue) using the same analytical procedure as was applied to the samples.
Multivariate analysis
Principal component analysis (PCA) permits two and three dimensional graphical representations of higher order dimensional spaces. Here an eight dimensional space for which each element concentration is represented by a coordinate axis is projected onto two dimensional graphs so that the statistical distribution of the data can be visualized. Since statistical information is lost when eight dimensional space is projected onto two dimensional graphs a complementary hierarchical cluster analysis (HCA) was performed. Both analysis has been used in environmental studies involving metals (Anju and Banerjee, 2012) .
Results and Discussion
Validation of the analytical method
The limits of detection (LOD) and the limits of quantification (LOQ) were calculated based on the standard deviation of 20 readings obtained for the analytical blanks and the slopes of the analytical curves (LOD = 3σ/slope and LOQ = 10σ/slope). Their values were (μg kg -1 ): Ni = 6.7-23.0; Se = 4.1-14.0, Zn = 2.9-10; Cu = 6.6-21; Fe = 5.0-17.0; Cr = 3.9-13.3; Cd = 0.4-1.2; Pb = 15.9-54.0; V = 3.0-10.2.
The experimental results for trace elements in the certified reference materials (CRM) from the NRCC (DORM-2, DOLT-2 and TORT-2) presented good agreement with the certified values. The recovery rates were between 90% and 95%. The relative standard deviation (SD/mean) for each reference sample was lower than 10%, showing that the analytical procedure was suitable. According to these results, we can conclude that the analytical method was accurate and precise for trace element determination in biological tissues.
Determinations of the elements contents of fish muscles
The results of the determination of five chemical elements in muscle samples from thirteen different species of fish are presented in Table 2 . The elements Cr, Cu, Fe, Se, and Zn were detected in all the samples analyzed. For all species except C. latus and P. brasiliensis, the content of Cd, Pb, V and Ni were below the LOQ of the method used here. In general, only small quantities of Ni are detected in fish tissue. In C. latus and P. brasiliensis, nickel was detected at 0.3 µg g -1 and 0.4 µg g -1 ,
respectively. The low concentrations of Cd, Pb, V and Ni found in this study are similar to reports by other researchers (Tuzen, 2009; Meche et al., 2010) .
The minimum (1.6 µg g -1 ) and maximum (25.6 µg g -1 ) selenium concentrations were found in C. chrysurus and D. rhombeus, respectively (Table 2) . Although have observed higher selenium content in Condat of Gallia, Ohio, USA, the majority of authors have reported lower levels of this element in fish than those detected in this work (Tuzen, 2009; Viana et al., 2012; Olmedo et al., 2013) . Selenium is needed for various functional properties of the human body, mainly in the nervous system (Niedzielski et al., 2016), and it participates in the detoxification of the body (Sørmo et al., 2011) . However, human intake of selenium in high concentrations can be toxic (Tuzen, 2009 ) and cause selenose, with gastrointestinal problems, skin rash and nervous system abnormalities (Goldhaber, 2003) .
The highest content of zinc (40.5 µg g -1 ) was observed in the P. brasiliensis, while the value in L. synagris was below the LOQ (< 0.010 µg g -1 ; Table 2 ). The fish investigated for these elements in other works had similar levels of Zn compared to the higher values found in this study (Omar et al., 2014) . Fish is an excellent source of zinc, a trace element in biological systems necessary to participate in the metabolism of carbohydrates, lipids, proteins and nucleic acids. It also stimulates the activity of several enzymes. The excess zinc in the human diet can cause toxic effects on the immune system, reducing the stimulation responses of lymphocytes and alterations in cholesterol metabolism, decreased HDL levels in healthy people (Goldhaber, 2003) . Its deficiency in the body can lead to loss of appetite, growth retardation, and skin and immunological problems (Tuzen, 2009) .
The smallest concentration of copper (2.0 µg g -1 ) was in L. synagris, and the largest concentration (33.7 µg g -1 ) was in D. rhombeus (Table 2 ). There have been several studies in different locations that indicate smilar levels of Cu in fish (Mendil et al., 2010; Alkan et al., 2016) and others seafood (Silva et al., 2016) . Copper is essential in metabolic processes, but is an important environmental contaminant (Hauser-Davis et al., 2014) .
Iron showed the lowest concentration (2.4 µg g -1 ) in P. brasiliensis and the highest (135.1 µg g -1 ) in D. rhombeus (Table 2) . Studies on the distribution of metals in fish emphasize that the variations obtained in the absorption of Fe in different species should be evaluated because Fe plays an important role in biological systems (Carvalho et al., 2000) .
The highest concentration (0.8 µg g -1 ) of chromium was detected in P. corvinaeformis. Studies with several other species of fish of commercial importance in Sao Paulo, Brazil (Morgano et al., 2014) and in Catania, Italy (Copat et al., 2013) reported lower values of this element. Chromium is a metal porphyrin present in oil. Three specimens were analyzed by species, each of which was performed in triplicate. <LOQ: lower limit of quantification.
The investigation of Cr in environmental samples may help in evaluating contamination sources. However, Cr 3+ appears to be a cofactor for proteins of low molecular weight. The presence of Cr in the diet is important for lipid metabolism and insulin action (Mendil and Uluozlu, 2007) .
In this study, variations of the concentrations of trace elements found in the muscle of different fish species were of the same order of magnitude as those reported in previous studies with the same species (Mendil and Uluozlu, 2007; Türkmen et al., 2009 ). This can be explained by the accumulation of different chemical elements in the dorsal and ventral muscles of the same fish (Ling et al., 2009) . Furthermore, there is variation in the ages, sizes, habitats, and metabolic activities of the fish, resulting in differences between species (Uysal et al., 2009) . However, the contents of Se and Cr were above those permitted in food by Brazilian legislation (ANVISA, 1965) .
Data analysis
In this research, PCA and cluster analysis were applied to the total metal content (Table 2) . PCA has been applied in this way for the evaluation and classification of analytical results (Chaves et al., 2010; Nascimento et al., 2010; Bentlin et al., 2011; Yap et al., 2010; Santos et al., 2010) . The applied PCA resulted in two significant PCs (PC1 and PC2), accounting for 84% of the total variance of the presented data. The scores and loadings of the first two PCs (PC1 and PC2) are plotted in Figure 2 .
From the loadings of the variables in the first principal components, D. rhombeus stands out from the others with a score of 5.13. A second group formed by A. lineatus e P. brasiliensis were the dominant features in the positive part of the first principal component, whereas L. synagris was the main feature in the negative part of this component. For the second principal component (PC2) can be considered as an index that compares Cr and Zn (positive signs) with Cu, Fe and Se (negative signals). P. brasiliensis and P. corvinaeformis are the dominant features, due higher Cr and Zn concentrations in Figure 3 .
HCA (hierarchical cluster analysis) is a technique often used in combination with PCA to study the structure of a data set. HCA is an unsupervised procedure that allows one to map the multidimensional space of variables to a two-dimensional tree called a "dendrogram" constructed on the basis of the similarity (or distance) between samples. Thus, CA was applied, in the present case, to the autoscaled data to achieve this objective. The similarities between samples were calculated on the basis of the squared Euclidean distance, whereas the Ward method (a hierarchical agglomerative system) was used to establish the clusters (Yap et al., 2010) . The dendrogram of cluster analysis to the scores of the first two principal components are presented in Figure 4 .
In this figure, the clusters obtained for the D. rhombeus were not correlated with the other species, confirming the conclusion previously obtained by PCA. This fish specie has higher concentration of Cu, Fe and Se. 
Conclusions
Despite the port activities in Aratu Bay, there is no evidence of Cd or Pb contamination in the time period studied. This area could be used for research on the development of baseline data for these elements concerning environmental studies and the biochemistry of fish. The elements Zn, Cu, Se and Fe exhibited similar behavior in terms of absorption for all species being the element Cr apart from the others. It can be concluded from the PCA and CA results that the D. rhombeus presented different behavior in the metals absorption.
